Introduction
Disease is what ever goes wrong with an insect and signifies a departure from the state of health or normality (Steinhaus 1949) . Diseases can be categorized as infectious or noninfectious. An infectious disease results from invasion by a living microorganism whereas a noninfectious disease is any ailment in which a microorganism is not involved.
Insect pathology is the study of diseases in insects and a component of the broader discipline of biological control i.e., management of pest insects with living organisms. There are four general groups of microorganisms that are routinely studied in insect pathology. They are: bacteria, viruses, fungi and microspora. An example of the fungi and an example of the microspora will be discussed herein because these disease causing agents occur naturally in populations of the European com borer whereas bacteria and viruses will not be discussed because they do not usually occur in wild populations of the European com borer.
Disease-causing organisms can be indigenous or exogenous. Indigenous pathogens are present in the insect ecosystem whereas exogenous ones are introduced. The impact of two diseasecausing organisms (both indigenous), a fungus, Beauveria bassiana and a microspora, Nosema pyrausta on management of the European com borer will be discussed.
Beauveria bassiana
Beauveria bassiana is found worldwide. It causes disease primarily in Lepidoptera (moths and butterflies), Coleoptera (beetles) and Hemiptera (true bugs). An insect becomes infected with B. bassiana when a conidium (the resting spore) lands on the insect cuticle. The conidium attaches to the cuticle, germinates, produces enzymes that partially digest the cuticle, and the hypha enters the insect. The hypha grows, forming mycelia that proliferate through the insect's body cavity. Toxins are produced, killing the insects. Once the insect is dead and the nutrients depleted, the fungus grows to the outside of the insect. It produces conidia giving the insect a white mummified appearance (Lewis 1985) .
Beauveria bassiana is readily found in nature on decaying organic material, on insect cadavers and insect eggs and in the soil (Raun et al. 1959; Brooks and Raun 1965; Lynch and Lewis 1978; McCoy et al. 1988) . Its occurrence in soil is influenced by tillage systems; B. bassiana is isolated more frequently and in greater quantities from no-tillage systems than from plow and chisel tillage systems (Bing and Lewis 1993) .
Many entomologists, corn growers, and plant scientists have observed European corn borer cadavers covered with the white mycelia. It is a common occurrence throughout the U.S. Corn Belt in a given year. European corn borer larvae killed by B. bassiana are readily found after harvest in most years. Many European corn borer larvae are killed during the latter part of the larval cycle in both the first and second generation. The percentage of European corn borer killed by B. bassiana is highly variable between locations within a cropping season and between years. Indigenous fungi, however, usually kill the majority of the insects after crop damage has occurred. This has always been considered to be the situation with B. bassiana and the European corn borer. The percentage of larvae infected with B. bassi ana increases during September and October and then declines (Figure 1 ). Obviously the highest percentage of B. bassiana-killed insects occurred after the corn crop was in senescence.
Usually B. bassiana kills many overwintering European corn borers. There is considerable variation between years in percentage of larvae killed by B. bassiana (Table 1) ; those killed by B. bassiana ranged from 13% in 1994 to 69% in 1995. Diapausing 0. nubilalis larvae collected from several locations in France later died from B. bassiana infection within 60 d (Marcandier and Riba 1986) .
Beauveria bassiana forms an endophytic relationship with the com plant which kills European corn borers (Lewis and Bing 1990; Bing and Lewis 1991) . When a granular formulation of B. bassiana is foliarly applied to the plant the fungus moves into the plant and colonizes the tissues; thus B. bassiana is available in the plant to kill larvae once they bore into the plant. Tunneling by the European corn borer in those plants to which B. bassiana was applied had 41% fewer inches of tunneling than those plants in which endophytic B. bassi ana was absent. The endophytic relationship between the corn plant and B. bassiana at times occurs naturally i.e., independently of a planned foliar application ofthe fungus. In one study B. bassiana was isolated from up to 60% of the plants that had no foliar application of B. bassiana. These isolations were made 60 days after anthesis. No B. bassiana was isolated at sample times of 10, 30 or 45 days after anthesis (Bing and Lewis 1992a,b ) . Beauveria bassiana has also been isolated from the interior of surface-sterilized weedy species: velvetleaf, Abutilon theophsti, pigweed, Amaranthus retroflexus, and brome grass, Bromus inermis (Lewis 1992) . Therefore, it can be concluded that this phenomenon of B. bassiana colonizing green plants is a natural occurrence. At this time the utility of this phenomenon is not known.
Beauveria bassiana has been used as an applied plant protectant against the European corn borer for several years with great variation in efficacy. In early work conidia were combined with cornstarch or wheat flour and dusted on plants. Larval mortality of 1 to 79% was obtained (Bartlett and Lefebvre 1934) . Other workers applied conidia in a flour carrier at 11-d intervals to pollen-shedding maize and reduced tunneling by 0 . nubilalis by 33 to 63% (Stirret et al. 1937) . These researchers reported the importance of placement ofB. bassiana on the plant, timing of application relative to insect infestation, and microhabitat, i.e., temperature and relative humidity (RH) at the plant surface. Temperature is the dominant factor affecting mycoses in 0 . nubilalis . Relative humidity (RH) is also very important, not only for survival of the fungus, but also for invasions. Conidia of B. bassi ana invaded the cuticle of Q. nubilalis at 30% RH; however, the lethal time was increased at the lower RH (Riba and Marcandier 1984) .
Various formulations have been used to deliver B. bassiana to whorl-stage maize with more than 90% of the larvae killed. However, these formulations ofB. bassiana were ineffective against 0 . nubilalis on mature maize in the U.S. (York 1958) . Over 95% reduction ofO. nubilalis larvae has been reported in the People's Republic of China by applying 1.5 x 10 8 conidia per plant (Hsiu et al. 1973) , and larval populations were reduced by 91.1% in France with 1.0 x 10 12 conidia per ha (Riba 1984) . Dosage of conidia, isolate of the fungus, and stage of 0. nubilalis larvae are very important when attempting to maximize the response to B. bassiana. First instars are reported to be most susceptible; fourth instars are the least susceptible .
Nosema pyrausta
Nosema pyrausta, a microsporidium, is a protozoan-like organism (Lewis 1985) . Microsporidia are present in many insects. Microsporidian spores invade the midgut of a larva causing some mid-gut cell death but unless the insect is stressed do not kill the host. Microsporidia usually invade the reproductive tissues of the female and are passed to the filial generation through the egg. Microsporidia reduce the fecundity of the adult. Death occurs if the host is stressed by an environmental factor i.e., adverse weather, resistant host plants or sublethal infection with another pathogen. Nosema pyrausta, a microsporidian is the most effective natural control agent of the European com borer. It occurs in many populations causing a reduction in the reproductive potential of the insect. Nosema pyrausta produces a resting spore which is eaten by any stage larva. The spore germinates, enters the midgut cells and multiplies killing some of the cells which slough into the gut lumen and pass from the insect in the frass. The cycle continues by the infected larvae passing N. pyrausta-contaminated fecal material in or on a com plant. A healthy larva feeding in the same plant consumes frass-contaminated plant tissue and becomes infected. The infection is then passed to the next generation in the eggs of an infected female. Most likely the insect will not die from this infection but will develop into an infected adult. The infected female will lay fewer eggs than noninfected ones and fewer of the eggs will hatch. Larvae that hatch from the infected eggs will carry the infection. An infection can also be passed between generations by a healthy larva feeding on contaminated frass deposited by a firstgeneration larva (Lewis and Cossentine 1986) . Infection with N. pyrausta is a chronic disease; an infection with N. pyrausta does not always result in death of the insect, whereas a fungal infection is acute, an insect infected with B. bassiana will die. The maximum effect ofN. pyrausta occurs when an infected insect stressed by host plant resistance, an unfavorable ovipositional environment, unfavorable weather conditions for larval development or other factors that can stress insects.
Plant resistance (antibiosis) plus N. pvrausta give an additive effect in managing European com borers. Both plant resistance and N. pyrausta reduce survival of 0. nubilalis in whorl-stage and pollen-shedding stage com Lynch and Lewis 1976) . In these studies neonate larvae infected with N. pyrasusta and larvae free of infection were used to infest inbred lines of com that had varying levels of resistance to leaf feeding or sheath collar feeding by the European com borer. The number of borers removed per plant when N. pyrausta-infected larvae were placed on inbreds with resistance ratings of susceptible, intermediate, and resistant, respectively are presented in Table 2 . In essence when N. pyrausta-infected larvae are placed on plants that are susceptible to feeding by the European com borer the number of larvae recovered per plant is very similar to the number of larvae recovered per plant when noninfected larvae feed on resistant plants.
European com borer adults congregate in noncom refugia or action sites to mate and move out to com fields to lay eggs weather permitting (Showers 1976) . If conditions are not favorable for flight and oviposition i.e., cool and wet, moths will remain in the action site and imbibe water until weather conditions are favorable for flight and oviposition. In a laboratory experiment to simulate a cove, wet field situation moths that were infected with N. pyrausta and held at relatively low temperatures for one week produced 83% fewer eggs than noninfected moths held at favorable oviposition conditions (Table 3) . Nosema pyrausta reduced egg production by 67% when compared to noninfected moths when both populations were held at 27 deg. C.
Documentation of the effect ofN. pyrausta on a field population is limited. Researchers have established that the effect ofN. pyrausta is density dependent and delayed (Hill and Gary 1979) . In a period of 16 years in Nebraska the percentage of European com borer larvae infected with N . pyrausta increased periodically followed by a substantial decrease in larval population. In a sixyear study in Iowa the percentage infection in all life-stages of European com borers fluctuated yearly, similar to that in Nebraska (Lewis, unpublished data) . In Connecticut Andreadis (1984 Andreadis ( , 1986 found a gradual decline of European com borers infected with N. pyrausta. This was probably caused by death of the heavily infected larvae. Extremely high temperatures with droughtly conditions in central Iowa (1988) in combination with N. pyrausta killed many European com borer larvae. The lowest percentage of N. pyrausta-infected European com borers occurred in 1989 following the heat and drought of 1988. In 1990 during the 1st-generation, the percentage infection with N . pyrausta remained low. The largest increase in European com borer infested plants in the six years of the study occurred during the second generation of 1990. When N. pyrausta is removed from the European com borer population it rebounds at a dramatic rate.
Nosema pyrausta is seldomly used as a crop protectant mainly because it is an excellent classical biological control agent and secondly it is costly to produce in large quantities. In those instance where N. pyrausta was applied to com to control the European com borer larval populations per plant were reduced by as much as 48 percent . At this time one could advocate the introduction ofN. pyrausta only in situations where the com/European com borer ecosystem is completely void of this microorganism.
Summary
Beauveria bassiana and N . pyrausta are disease causing organisms indigenous to many com ecosystems. Both cause significant reduction in populations of the European com borer: B. bassiana by killing European com borer larvae and N. pyrausta by reducing the reproductive capacity of the European com borer.
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